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Experimental 

Crystal data 

[Fe(C 12 H 16 0 4 )(CO) 3 ] 
M, = 364.13 
Monoclinic, P2i/c 
a = 10.9977 (6) A 
b = 11.9586 (5) A 
c = 13.0364 (5) A 
/3 = 108.739 (3)° 

Data collection 

Nonius KappaCCD diffractometer 
Absorption correction: multi-scan 
(PLATON; Spek, 2009) 
T*&, = 0.700, r miix = 0.931 

Refinement 

R[F 2 > 2a(F 2 )] = 0.031 

wR(F 2 ) = 0.078 

S = 1.06 

3538 reflections 



V = 1623.63 (13) A J 
Z = 4 

Mo Ka radiation 
fi = 0.96 mm -1 
T = 100 K 

0.30 x 0.15 x 0.07 mm 



15588 measured reflections 
3538 independent reflections 
2814 reflections with / > 2a(I) 
R iM = 0.059 



212 parameters 

H-atom parameters constrained 
A/w = 0.66 e A~ 3 
A,o m i„ = -0.62 e A~ 3 



In the title compound, [Fe(Ci 2 H 16 0 4 )(CO) 3 ], the diene moiety 
of the molecule is virtually planar, with a C— C— C— C torsion 
angle of —1.4 (2)°. The six-membered ring exhibits a boat 
conformation, with torsion angles of 46.2 (2) and 46.5 (3)° for 
a double -bond and the two attached Csp 3 atoms. The Fe atom 
is coordinated to all four of the diene C atoms, with bond 
lengths between 2.041 (2) and 2.117 (2) A. The Fe(CO) 3 
tripod adopts a conformation with one CO ligand eclipsing 
the Csp 3 — Csp 3 single bond. 



Data collection: COLLECT (Hooft, 1998); cell refinement: 
DENZO (Otwinowski & Minor, 1997); data reduction: DENZO; 
program(s) used to solve structure: SHELXS97 (Sheldrick, 2008); 
program(s) used to refine structure: SHELXL97 (Sheldrick, 2008); 
molecular graphics: SCHAKAL99 (Keller, 1999); software used to 
prepare material for publication: PLATON (Spek, 2009). 

This work was supported by the Deutsche Forschungsge- 
meinschaft (FOR 630) and the Fonds der chemischen Indus- 
trie (doctorate stipend to SR). 



Related literature 

For a short overview of CO as a signaling molecule and of CO- 
releasing molecules (CO-RMs), see: Choi & Otterbein (2002); 
Johnson et al. (2003); Alberto & Motterlini (2007); Mann & 
Motterlini (2007). For a very recent review of the biological 
activity of carbon monoxide gas and CO-RMs, see: Motterlini 
& Otterbein (2010). For the first use of the title compound as a 
CO-RM, see: Romanski et al. (2011). For a known synthesis of 
this molecule in racemic form, see: Bohac et al. (1996). For a 
description of the Cambridge Structural Database, see: Allen 
(2002). 
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Supplementary data and figures for this paper are available from the 
IUCr electronic archives (Reference: RK2295). 
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(/?5)-Tricarbonyl(V 4 -l,3-diacetoxy-5,5-dimethylcyclohexa-l,3-diene)iron(0) 
S. Romanski, J.-M. Neudorfl and H.-G. Schmalz 

Comment 

In recent years, CO has been recognized as an important signaling molecule (Choi & Otterbein, 2002). As CO is a toxic gas 
with a low bioavailability, an alternative way for its delivery is attractive and CO-releasing molecules (CO-^M?) proofed 
to be suitable tools (Johnson et al, 2003; Alberto & Motterlini, 2007; Mann & Motterlini, 2007). CO-RMs as well as 
CO gas have successfully been used in various biological model systems to induce a broad scope of effects (Motterlini & 
Otterbein, 2010). In the context of our work we used acyloxy-diene iron carbonyl complexes as enzymatically-triggered 
CO-RMs (ET-CORMs) representing a new class of CO-RMs. The biological evaluation of the title compound showed 
that it efficiently inhibits INOS in murine macrophage cell line RAW264.7 and is to the best of our knowledge the most 
potent CO-RMs ever studied in this type of assay (Romanski et al, 2011). Originally the complex was used as a precursor 
for non-racemic iron carbonyl complexes by exchange of one CO ligand with a chiral phosphinite and separation of the 
resulting diastereomers (Bohac et al. , 1 996). The C — C and Fe — C bond length of the diene fit in with the already published 
dienylester ironcaronyl complex (Romanski et al, 2011) and the data of the CSD database (Allen, 2002). In comparison to 
non-complexed dienes the inner bond of the diene system is noticeably shorter while the C=C are significantly longer. The 
contraction of the C — C single bond of the diene is most distinct in the case of the diacetoxy substituted title compound. 
Despite the electronic dissymmetry of the diene unit, the diene-Fe(CO)3 substructure is virtually symmetric (Fig. 1). 

Experimental 

The title compound CisH^FeOy was prepared in good yield by thermal complexation of 
5,5-dimethylcyclohexa-l,3-diene-l,3-diyl diacetate with Fe2(CO)9 in toluene. In a dry, argon flushed 50 ml flask 1.34 
mmol of 5,5-dimethylcyclohexa-l,3-diene-l,3-diyl diacetate and 4.13 mmol of Fe2(CO)9 were heated in 20 ml of dry 
toluene to 3 14 K for 4.5 h (Fig. 2). The solvent was evaporated and the crude mixture was purified by column chromato- 
graphy (silica gel, ethylacetate/cyclohexane = 1:15) to give 1.10 mmol (82%) of the desired complex as a yellow oil that 
solidified after several weeks at 255 K. A portion of the complex was recrystallized by diffusion of a methanolic solution 
of the complex into water. Colourless crystals were obtained from the yellow oil. 

Refinement 

All Hydrogen atoms were placed in geometrically idealized positions and refined with using riding model with C — H = 
0.95A and C/ iso (H) = 1.2£/ eq (C) for CH, C— H = 0.99A and U iso (H) = 1.2(7 eq (C) for CH 2 , C— H = 0.98A and t/ iso (H) = 
1.5£/ eq (C)forCH 3 . 
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Fig. 1. Molecular structure of title compound with the atom numbering scheme. Displacement 
ellipsoids are drawn at the 50% probability level. H atoms are presented as a small spheres of 
arbitrary radius. 



Fig. 2. Synthesis path for the title compound. 



(/?S)-Tricarbonyl(ti -1 ,3-diacetoxy-5,5-dimethylcyclohexa-1 ,3- diene)iron(O) 



Crystal data 

[Fe(Ci 2 H 16 0 4 )(CO)3] 
M r = 364.13 
Monoclinic, P2\lc 
Hall symbol: -P 2ybc 
a = 10.9977 (6) A 
b= 11.9586 (5) A 
c= 13.0364 (5) A 
(3= 108.739 (3)° 
V= 1623.63 (13) A 3 
Z=4 



^(000) = 752 

D x = 1.490 MgnT 3 

Mo Ka radiation, X = 0.71073 A 

Cell parameters from 15588 reflections 

6 = 2.0-27.0° 

|i = 0.96 mnT 1 

T= 100 K 

Prism, colourless 

0.3x0.15x0.07 mm 



Data collection 

Nonius KappaCCD 
diffractometer 

Radiation source: fine-focus sealed tube 

graphite 

cp and co scans 

Absorption correction: multi-scan 
(PLATON; Spek, 2009) 

r min = 0.700, r max = o.93i 

15588 measured reflections 



3538 independent reflections 

2814 reflections with / > 2o(i) 
R mt = 0.059 

©max = 27.0°, 6 m j n = 2.0° 

£ = -14^13 

£ = -14^15 
/ = 16-^16 



Refinement 



Refinement on F 

Least-squares matrix: full 

R[F 2 >2a(F 2 )} = 0.031 

wR(F 2 ) = 0.078 
S= 1.06 



Primary atom site location: structure-invariant direct 
methods 

Secondary atom site location: difference Fourier map 
Hydrogen site location: inferred from neighbouring 
sites 

H-atom parameters constrained 

w = V[o\f o 2 ) + (0.0353P) 2 + 0.1094P] 
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3538 reflections 
212 parameters 
0 restraints 



where P = (F 0 2 + 2F c 2 )/3 
(A/o) max = 0.001 

Apmax = 0.66 e A~ 3 

Apmin = -0.62 e A~ 3 



Special details 

Geometry. All s.u.'s (except the s.u. in the dihedral angle between two l.s. planes) are estimated using the full covariance matrix. The 
cell s.u.'s are taken into account individually in the estimation of s.u.'s in distances, angles and torsion angles; correlations between 
s.u.'s in cell parameters are only used when they are defined by crystal symmetry. An approximate (isotropic) treatment of cell s.u.'s is 
used for estimating s.u.'s involving l.s. planes. 

Refinement. Refinement of F 2 against ALL reflections. The weighted i?-factor wR and goodness of fit S are based on F 2 , convention- 

2 2 2 

al i?-factors R are based on F, with F set to zero for negative F . The threshold expression of F > o(F ) is used only for calculating 

2 

i?-factors(gt) etc. and is not relevant to the choice of reflections for refinement. i?-factors based on F are statistically about twice as 
large as those based on F, and i?-factors based on ALL data will be even larger. 



Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters 
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Atomic displacement parameters (A 2 ) 
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